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in the early 1980s and the rapid development of science and technology, computers have been applied in various industries. The China National Bureau of Statistics reported that 63.8% of workplaces used computers in 2007, and the percentage reached 88.1% in the finance and business services sector 1) . Working in an office environment is widely known to be associated with work-related musculoskeletal disorders (WMSDs), which are a diverse set of conditions characterized by pain, aching, stiffness, fatigue, discomfort, tingling and/or numbness, generally appearing in the fingers, hand, wrist, elbow, arm, shoulder, neck and/or low back 2) . The literature consistently demonstrates that VDT users are at increased risk for neck and/or shoulder symptoms relative to the risk expected in low-exposure office or industrial tasks 3, 4) . WMSDs in the neck (WMSDs-N) are the most common work-related upper extremity disorders (WRUEDs), and a large range of individual, physical and psychosocial risk factors are associated with the development of WMSDs-N. Individual factors include age, gender, education level, smoking habits and so on; work-related physical factors include awkward posture during work, bending, static sedentary posture and task demands; work-related psychosocial factors include overtime and time spent working to meet deadlines [5] [6] [7] . In addition, several studies have shown that ergonomic factors (e.g., work station design) were possibly linked to WRUEDs 8) . Although WRUEDs among VDT workers have been a topic in occupational health research for many years and there have been a large number of epidemiological studies on WMSDs, there is still little understanding of the prevalence of WMSDs in different countries. Also, the etiology of WMSDs in computer work is still not completely understood. It is not clear whether the causes of WMSDs are similar in differ-As a new way of working, visual display terminal (VDT) operation has become ubiquitous in the workplace. Since the reform and opening up of China . To our knowledge, no research has analyzed the association between VDT use and problems associated with WMSDs in mainland China, and the risk factors for WMSDs among VDT users in mainland China are still unknown.
The aim of this study were (a) to estimate the prevalence of self-reported WMSDs for office workers who regularly perform VDT work in Beijing and (b) to assess which working conditions and individual factors are associated with WMSDs-N in order to describe approaches for preventive measures.
Methods

Study population and design
This was a cross-sectional study focusing on working conditions at typical Chinese VDT workstations. The population of this study consisted of office workers who used VDTs for more than one hour per day in 18 departments of a leading company in the Chinese service industry. Field work was performed in April 2008.
As one aim of the study was to estimate the 12-month prevalences of WMSDs (see measure of outcome), subjects who reported work experience of less than 1 yr at their present job were excluded from the study population. Self-administered questionnaires were delivered to 720 office workers who used a computer as a main working tool. A total of 621 questionnaires were returned (86.3%), of which 61 incomplete responses were eliminated, leaving 560 valid questionnaires.
The study was approved by the local ethics committee of Peking University.
Questionnaire
The questionnaire was used to collect self-reported WMSDs and risk factors.
Measure of outcome
Symptoms in the neck, shoulders, elbows/forearms, wrists/hands, upper back and low back regions were assessed by a symptoms questionnaire based on the Nordic Musculoskeletal Questionnaire (NMQ) 10) . The NMQ is the most classic outcome measure for musculoskeletal disorders (MSDs). Participants were surveyed to record whether they had musculoskeletal problems (e.g., ache, pain or discomfort) for the above six regions in the past 12 mo. A participant would not meet eligibility criteria if he/she indicated that musculoskeletal symptoms resulted from a non-workrelated accident/trauma (e.g., sports, traffic accident).
Measure of exposure 1) Individual factors
The demographic characteristics in the questionnaire included gender, age, height and weight. Body mass index (BMI) was calculated by the formula weight (kg)/height (meter) 2 . Also, formal education, lifestyle (smoking and physical exercise) and history of musculoskeletal trauma were surveyed 11) . The worker characteristics were assessed using questions for the general work conditions (e.g., job type, occupational status and occupational history) and duration of employment (e.g., how many years in their current job, work hours per week, work days per week).
2) Working condition factors
The questions used to assess the factors related to an increased risk for WMSDs-N were derived from the standardized Dutch Musculoskeletal Questionnaire 12) . Questions regarding computer use were based on previous epidemiology studies 13) . Questions on ergonomic factors (workstation setup) were taken from a workplace health and safety brochure of the Queensland Government, Australia 14) .
3) VDT use was evaluated in two parts: a) Current VDT use: Participants were asked how many hours per day and how many days per week they used VDTs. They were also asked whether they had a part-time job. If they did, they were asked whether they used a computer while working and, if so, how many hours per week. Participants were also asked whether they used computers in their leisure time and, if so, for how many hours per day and how many days per week. b) Accumulated VDT use: participants were asked how many years they had used computers for their current job; this amount of time was multiplied by their hours per week. In addition, they were asked whether they had been VDT users before their current jobs and, if so, for how much time they used VDTs previously. The total time was the sum of their current and previous jobs' VDT time.
Workplace factors were assessed using questions for physical workload (e.g., postures related to the neck region) 15) and computer use (e.g., main operating tools, hours per day of VDT use).
Workstation factors were assessed using questions for the monitor position, type of VDT, arm supports and chair characteristics (e.g., having an adjustable back rest and chair height).
As there were very few cases for some response options, several independent variable categories among the questions with more than two response options were collapsed to improve their psychometric properties.
Statistical analysis
All statistical analyses were performed by the Statistical Package for the Social Sciences software (SPSS version 11.0). In all analyses, alpha was set at p values <0.05 (two tailed).
The results were reported as descriptive statistics. The associations between WMSDs-N (dependent variable) and the various factors (independent variables) were analyzed. Univariate and multivariate analyses were performed to identify risk factors. To assess the relationship between self-reported WMSDs-N and individual factors, workplace factors and workstation ergonomic features, binary logistic regression was used for analyses. The odds ratio (OR) was calculated, and a 95% confidence interval (95% CI) was estimated. A multiple logistic regression model was used to assess the independent work related risk factors. A backward likelihood ratio stepwise method was used. All variables related to WMSDs-N in univariate analyses with p values <0.15 were entered into the logistic regression model. Variables were rejected from the model if the p values >0. 10 16) . Only the remaining significant variables were included in the final model.
Results
Study population
The study population included 237 females (42.3%) and 323 males (57.7%). Table 1 shows the demo- graphic characteristics of the participants. Most of them were younger than 40 yr of age (85.5%). Educational level of the participants was high; 93.6% of the participants had a college/other post-high school education. Only 11.3% of the participants got physical exercise more than 3 times a week. Detailed descriptive statistics for demographic and labor characteristics of the participants are shown in Table 2 . The mean age was 31.9 yr for men and 31.1 yr for women. The smoking ratio for men was higher than that for women, 44.3 and 3.4%, respectively. A higher proportion of men (52.9%) often worked overtime compared with women (39.7%).
Symptom prevalence
The results showed that the 12-month prevalences of WMSDs of the neck, shoulder, wrist/hand, upper back and low back among participants were 55.5, 50.7, 31.5, 26.2 and 6.6%, respectively. The highest prevalence rate of WMSDs was found in the neck region, and the lowest prevalence rate was found in the low back region.
Associations between risk factors and WMSDs-N 1) Individual factors
Among 8 individual factors, we found gender, education level and physical exercise were significantly associated with WMSDs-N ( Table 3) .
2) Working condition factors
Univariate logistic regression analysis for the association between WMSDs-N and workplace factors, showed that WMSDs-N was significantly associated with VDT operating hours per day, holding the neck in a forward bent posture for a prolonged time, often holding the neck in a flexion angle, having no breaks during work, spending less than 2 h before feeling tired and not having enough time for rest (Table 4) .
No workstation factors were related to WMSDs-N in this research (Table 5) .
Multivariate analysis
Results of the multiple logistic regression model show that individual factors and work-related factors were independently associated with prevalence of WMSDs-N (Table 6 ). For individual factors, only gender remained in the last model. Women had more than a 2-fold increased risk of developing WMSDs-N compared with men (OR=2.16, p<0.01). Six work-related factors were determined to be independently associated with prevalence of WMSDs-N. Interestingly, WMSDs-N risk was positively associated with the increase in computer use time. The odds ratio for time spent on work before feeling tired indicates that participants who tired easily had a higher chance of WMSDs-N than those who did not. A larger neck posture angle increased the likelihood of having WMSDs-N. Holding the neck at 10-20° flexion angle had an odds ratio of 2.54 (95%CI=1.56-4.14, p<0.000) compared with the reference level. Tilting the neck more than 20° had about a six-fold (95%CI=1.73-18.97, p<0.000) risk compared with the reference level.
Discussion
The results of this study show that WMSDs are widespread and relatively severe in office workers in Beijing, China. In addition, the present study indicates that VDT work is closely associated with the prevalence of WMSDs-N.
The prevalence of WMSDs
The first aim of this study was to estimate the 12-month prevalences of WMSDs among office workers in Beijing. The results show that the highest 12-month prevalence rate of WMSDs was related to the neck region (55.5%), which agrees with previous studies in which the prevalence rate ranged from 27-63% 13) . The prevalence rate of low back WMSDs was lowest and lower than the rates in previous studies, which ranged from7.4-57.6% 8, 17) . The different prevalence rates between studies may be caused by a lack of internal standard definition of WMSDs, resulting in a different case definition and data collection procedures between various studies 18) . They may also be partially attributed to different study populations, social economics and customs.
Individual factors
Many individual factors including age, gender, BMI and education level may play a role in causing WMSDs-N. Our results showed that gender, education level and physical exercise were related to WMSDs-N, but only gender was an independent risk factor.
The prevalence of WMSDs-N was substantially higher among women (64.6%) than men (46.7%) in our study, which is consistent with previous studies 19, 20) . Women appear to consistently report more neck and upper extremity symptoms than men 21) . In this study, even though males had a higher BMI, longer employment than females, a significant higher proportion of smokers and often had jobs requiring overtime, women had more than twice the risk of suffering from WMSDs-N compared with men.
The gender difference may be explained by many factors, one of which could be that the women had in which they were more often exposed to physical and psychosocial risk factors compared with men 22) . This may also explained partially by women having a smaller stature and weaker muscles than men 3) . As most workplaces are designed on the basis of anthropometric data from men, women might work with a higher relative musculoskeletal load when performing the same tasks as men; for instance, they may use a greater range of motion to work with the mouse 23) . Moreover, some studies have shown that women are at greater risk of presenting WMSDs probably due to the effect of their dual role as workers and housewives (such as differences in household work and childcare) 24) .
Workplace factors
Daily time spent on a computer has been significantly associated with WMSDs-N. The results of the present study further confirm this association; WMSDs-N risk increases with time spent on a computer. A cross-sectional study found that the percent of workers reporting ''almost daily'' neck discomfort increased monotonically with increasing hours of daily VDT use 25) . Knave et al. 26) reported a relationship between hours of VDT use per day and ''musculoskeletal complaints'' for women. Rossignol et al. 27) found that individuals who had 7 or more hours of daily VDT use had a significantly elevated odds ratio for musculoskeletal complaints in comparison with nonusers. Faucett and Rempel 28) reported an odds ratio of 1.44 (95% CI=1.03-1.99) for the association between hours of daily VDT use and potential upper torso disorders. Polanyi et al. 16) reported that after adjusting for confounders including demographic, ergonomic and psychosocial factors, individuals who 15) .
reported keying 5 h per day had significantly greater prevalence of MSD (including neck) than those keying 1.5 h per day (OR=1.61, 95%CI=1.16-2.25).
Often holding the neck in a forward bent posture for a prolonged time was positively associated with WMSDs-N. Cagnie et al. 29) and Julius Sim et al. 30) both reported an odds ratio of 2.0 for the relation between hours of prolonged bending of the neck and neck complaints. An increased risk of WMSDs-N was significantly associated with the increased neck flexion angle. Ariens et al. 31) found a trend for a positive relation between neck flexion and neck problem. Ohlsson et al. 32) reported that often holding the neck at a flexion of 15° was significantly related to neck disorders. Bernard 33) illustrated that awkward neck posture held for a prolonged time was a risk factor for neck problems. Tilting the neck more than 30° greatly increased the rate of fatigue in the neck muscles.
The neck supports the head, which makes up approximately one-seventh of the total body weight. When the neck is bent, the head partially lose the support of the spine. Thus, in order to keep the head in the bent position, the small spinal muscles work twice as hard as normal. In this position, neck muscles must do much of the work to keep the head steady. Therefore, they become overloaded and finally injured 34) . Having breaks during work and having enough rest time were significantly associated with WMSDs-N. The protective effect of rest breaks was also reported in previous epidemiology studies 29, 35) . EMG muscle monitoring results confirmed this conclusion 36) . Breaks reduce VDT exposure, allow a reduction in the muscle load due to poor ergonomics conditions and allow muscle relaxation and recovery 37) . Winkel and Oxenburgh 38) stated that the way to relieve neck and shoulder discomfort in VDT work is to increase rest breaks.
In this study, we found that time spent on work before feeling tired was associated with WMSDs-N. Many researches confirmed that tiredness is one of the risk factors for WMSDs 29) . Our study further indicated that office workers who tire more easily are more likely to have WMSDs-N.
Surprisingly, no workstation factors were related to WMSDs-N in this study, which might be caused by the population having computer workstations with good ergonomic designs.
Limitations of this study
Information about musculoskeletal symptoms and related factors were obtained by the self-reporting method, which may lead to over-or underestimation of WMSDs. Many researchers reported differences between self-reporting and observation of others in prevalence rates of WMSDs and physical work 5, 39) , but others did not find such an effect 40) . In China, WMSDs are still not included as occupational diseases, and the awareness of WMSDs as an occupational injury is relatively low; so, theirs is no reporting bias, which may be influenced by reported discomfort. This limited our ability to assess the causal relationship between variables and the possibility of a firm conclusion from the correlations observed in our study. However, our findings were consistent with those in reports of other research.
Future studies should be carried out directly towards development of prevention programs using the results gathered in this survey.
Preventive measures
Considering the prevalence of WMSDs in the present study, effective preventive measures should focus on neck disorders. The multivariable analyses showed that neck symptoms occurred less frequently 15) .
when VDT exposure was low or rest breaks are taken. Therefore, office workers should be advised to take regular breaks to minimize the impact of office work. Regular breaks have been confirmed to reduce discomfort in the neck in VDT workers without affecting productivity 36) . In conclusion, the prevalence rates of WMSDs among office workers in Beijing, China, were relatively high compared with the studies in other countries. The most commonly affected body part was the neck, while the low back was least commonly affected. Both workplace and individual factors were strongly associated with WMSDs-N. The most important risk factor was using computers for long periods without taking enough breaks. Therefore, rest breaks could be effective as a preventive measure to reduce the impact office work.
